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ORIGINAL RESEARCH ARTICLE

Shorter Door-to-Needle Times Are Associated 
With Better Outcomes After Intravenous 
Thrombolytic Therapy and Endovascular 
Thrombectomy for Acute Ischemic Stroke
Shumei Man , MD, PhD; Nicole Solomon , PhD; Brian Mac Grory , MB, BCh, BAO, MRCP; Brooke Alhanti , PhD; 
Ken Uchino , MD; Jeffrey L. Saver , MD; Eric E. Smith , MD, MPH; Ying Xian , MD, PhD; Deepak L. Bhatt , MD, MPH;  
Lee H. Schwamm , MD; Muhammad Shazam Hussain, MD; Gregg C. Fonarow , MD

BACKGROUND: Existing data and clinical trials could not determine whether faster intravenous thrombolytic therapy (IVT) 
translates into better long-term functional outcomes after acute ischemic stroke among those treated with endovascular 
thrombectomy (EVT). Patient-level national data can provide the required large population to study the associations between 
earlier IVT, versus later, with longitudinal functional outcomes and mortality in patients receiving IVT+EVT combined treatment.

METHODS: This cohort study included older US patients (age ≥65 years) who received IVT within 4.5 hours or EVT within 7 
hours after acute ischemic stroke using the linked 2015 to 2018 Get With The Guidelines–Stroke and Medicare database 
(38 913 treated with IVT only and 3946 with IVT+EVT). Primary outcome was home time, a patient-prioritized functional 
outcome. Secondary outcomes included all-cause mortality in 1 year. Multivariate logistic regression and Cox proportional 
hazards models were used to evaluate the associations between door-to-needle (DTN) times and outcomes.

RESULTS: Among patients treated with IVT+EVT, after adjusting for patient and hospital factors, including onset-to-EVT times, 
each 15-minute increase in DTN times for IVT was associated with significantly higher odds of zero home time in a year 
(never discharged to home) (adjusted odds ratio, 1.12 [95% CI, 1.06–1.19]), less home time among those discharged to 
home (adjusted odds ratio, 0.93 per 1% of 365 days [95% CI, 0.89–0.98]), and higher all-cause mortality (adjusted hazard 
ratio, 1.07 [95% CI, 1.02–1.11]). These associations were also statistically significant among patients treated with IVT but 
at a modest degree (adjusted odds ratio, 1.04 for zero home time, 0.96 per 1% home time for those discharged to home, 
and adjusted hazard ratio 1.03 for mortality). In the secondary analysis where the IVT+EVT group was compared with 3704 
patients treated with EVT only, shorter DTN times (≤60, 45, and 30 minutes) achieved incrementally more home time in a 
year, and more modified Rankin Scale 0 to 2 at discharge (22.3%, 23.4%, and 25.0%, respectively) versus EVT only (16.4%, 
P<0.001 for each). The benefit dissipated with DTN>60 minutes.

CONCLUSIONS: Among older patients with stroke treated with either IVT only or IVT+EVT, shorter DTN times are associated with 
better long-term functional outcomes and lower mortality. These findings support further efforts to accelerate thrombolytic 
administration in all eligible patients, including EVT candidates.
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Intravenous thrombolytic therapy (IVT) and endovas-
cular thrombectomy (EVT) improve the outcomes 
of acute ischemic stroke, but the benefits are time-

dependent.1–8 Therefore, door-to-needle (DTN) time 
has become a target of local and national quality initia-
tives because DTN time is under the complete control 
of the hospital care team.9 Studies have demonstrated 
that shorter DTN times are associated with better out-

comes at discharge and lower 1-year mortality and read-
mission.3,4 However, it remains unclear whether shorter 
DTN times for IVT are associated with better long-term 
functional outcomes among patients also undergoing 
EVT treatment. In addition, for patients with large vessel 
occlusion, the benefits of IVT preceding EVT have been 
questioned, leading to delaying or skipping thrombolytic 
therapy for faster EVT access in some practices. Six pre-
vious randomized clinical trials exploring the effect of IVT 
preceding EVT showed mixed results.10–15 The trials were 
not powered sufficiently to study the time-dependent 
effect of IVT. In fact, the workflow of the trials may have 
delayed thrombolytic administration as a result of patient 
consent and randomization.12

In the present study, we used data from the large 
nationwide real-practice data Get With The Guidelines 
(GWTG)-Stroke to examine whether shorter DTN times 
were associated with better outcomes in 2 separate 
cohorts: patients treated with IVT only and patients 
treated with IVT+EVT combined therapy.16,17 GWTG-
Stroke provides access to a patient population an order 
of magnitude larger than any existing reperfusion ther-
apy clinical trials.4,8,16–18 It allows outcome analyses using 
reperfusion timeliness as a continuous variable, and 
patient stratification on the basis of the timeliness of 
both IVT and EVT, as well. By linking GWTG-Stroke data 
with Medicare data, we can calculate home time, defined 
as the total number of days alive and out of a health care 
facility.19,20 Home time has been validated as a functional 
outcome and correlated with the 90-day modified Rankin 
Scale (mRS) among patients treated with IVT.19,20 It was 
identified in patient surveys as an outcome that was the 
most relevant and meaningful to stroke survivors.19,20 We 
hypothesized that longer DTN times would be associ-
ated with increased risk of poor outcomes in patients 
treated with EVT, knowing that EVT is a highly effective 
procedure for recanalization and that IVT usually fails to 
recanalize the occluded artery before EVT.

METHODS
Given that GWTG data were collected for clinical care and 
quality improvement, rather than primarily for research, data-
sharing agreements require an application process for other 
researchers to access the data. Researchers interested in 
using GWTG data for research purposes, including for vali-
dation, can submit proposals at https://www.heart.org/en/
professional/quality-improvement/quality-research-and-pub-
lications/national-level-program-data-research-opportunities. 
Additional information regarding the statistical analysis plan 
and analytic codes may also be available from Duke Clinical 
Research Institute on request.

Data Source and Study Population
This cohort study included US Medicare beneficiaries (aged 
≥65 years) treated for acute ischemic stroke with IVT within 
4.5 hours or EVT within 7 hours from last known well at 

Clinical Perspective

What Is New?
	•	 In this large cohort study of patients (aged ≥65 

years) treated with intravenous thrombolytic ther-
apy (IVT) within 4.5 hours and endovascular throm-
bectomy (EVT) within 7 hours of acute ischemic 
stroke onset, shorter door-to-needle times for IVT 
were associated with more days at home and lower 
mortality during 1-year follow-up.

	•	 Among patients treated with IVT+EVT combined 
therapy, each 15-minute increase in door-to-needle 
times was associated with fewer days at home and 
higher all-cause mortality in a year.

	•	 Guideline recommended door-to-needle times 
(≤30, 45, and 60 minutes) for IVT were associated 
with better outcomes after IVT+EVT combined 
therapy.

What Are the Clinical Implications?
	•	 Intravenous thrombolytic therapy should be admin-

istered as early as possible and should not be 
delayed even among patients who may undergo 
EVT treatment.

	•	 These findings support further efforts to accelerate 
thrombolytic administration in all eligible patients, 
including potential EVT candidates.

Nonstandard Abbreviations and Acronyms

AHA/ASA	� American Heart Association/
American Stroke Association

aHR	 adjusted hazard ratio
aOR	 adjusted odds ratio
IVT	 intravenous thrombolytic therapy
EVT	 endovascular thrombectomy
DTN	 door-to-needle
GWTG	 Get With The Guidelines
IVT-to-EVT	� from initiation of IVT bolus to 

arterial puncture of EVT
mRS	 modified Rankin Scale
NIHSS	� National Institutes of Health 

Stroke Scale
onset-to-EVT	� from last known well to arterial 

puncture of EVT
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GWTG-Stroke participating hospitals from January 1, 2015, 
to December 31, 2018, with a 1-year follow-up through 
December 31, 2019. Patients aged <65 years at the time of 
the stroke admission were not included because the postdis-
charge data were not available in this population. A Study Flow 
Chart is provided in Figure S1. Patients with DTN time >4.5 
hours or missing, onset-to-arrival time >24 hours or missing, 
discharge destination missing, or left against medical advice 
were excluded. In-hospital strokes were excluded because 
these patients often have thrombolytic contraindications and 
different disease profiles from patients presenting directly to 
the emergency department.21–23

Patient-level clinical data, including reperfusion treatment 
timeliness, were obtained from GWTG-Stroke. GWTG-Stroke is 
an ongoing data collection that was launched by the American 
Heart Association/American Stroke Association (AHA/ASA) to 
support continuous quality improvement.16,17 Patient-level clini-
cal data are collected by trained hospital personnel on consecu-
tive patients with acute ischemic stroke and transient ischemic 
attack.16,17 A previous audit demonstrated >90% accuracy of 
GWTG-Stroke for most variables and excellent (κ ≥0.75) reliabil-
ity for time-related performance measures.17 Each participating 
hospital received either human research approval to enroll cases 
without individual patient consent under the common rule, or a 
waiver of authorization and exemption from subsequent review 
by their institutional review board. The Duke Clinical Research 
Institute serves as the data analysis center. The Institutional 
Review Board at Duke University Health approved this study.

Medicare is a national health insurance program in the 
United States and covers 98% of adults aged ≥65 years. To 
obtain longitudinal outcomes, GWTG-Stroke records were 
linked to Medicare claims files by matching on a series of 
indirect identifiers, including admission date, discharge date, 
hospital identification, and patient’s date of birth and sex, as 
previously described and validated.24

Outcomes
Prespecified primary outcomes were home time at 90 days and 
1 year from the date of hospital admission. Home time was zero 
days for patients who died during hospitalization.

Prespecified secondary outcomes included all-cause mor-
tality and all-cause readmission in 1 year follow-up, and mRS 
at discharge and 90 days among those treated with EVT, as 
well. For patients who were treated with IVT only, mRS values 
were not routinely collected in GWTG-Stroke during the study 
period. Time of death or readmission was counted starting from 
the date of hospital discharge.

Data Analysis
Primary analyses examined the associations of DTN times with 
outcomes in the IVT-only group and IVT+EVT group separately. 
Secondary analyses compared the outcomes in the IVT+EVT 
group with different DTN times with the EVT-only treatment group. 
DTN time was analyzed as a continuous variable, per 15-minute 
increments, and as AHA/ASA Target:Stroke initiative predefined 
targets (within 30, 45, and 60 minutes) versus longer than those 
targets.3,9,25,26 For transferred patients, arrival time at the first hos-
pital was defined as “door” time. Because a large proportion of 
patients had zero days of home time, as shown on the histogram 
in Figure S2, the associations between DTN time and home time 

were analyzed using a 2-stage logistic regression model27: (1) a 
logistic regression analysis of the binary outcome home time=0 
(never discharged to home as a result of death or long-term facil-
ity stay) versus home time>0 (those ever discharged to home), 
and (2) a logistic regression model with generalized estimating 
equation for patients with home time>0 (those ever discharged to 
home) where the outcome was the proportion of follow-up days 
at home. The odds ratio of each 1% home time increase was 
computed. A logit link was used to reflect the upper (90-day or 
1-year) and lower (0 days) bounds on home time. Robust, empiri-
cal variance estimates were used in the generalized estimating 
equation model to account for potential clustering within sites and 
for data that may not follow an independent binomial distribu-
tion. Both models were adjusted for the covariates listed below. 
Restricted cubic splines with 4 knots were applied as appropri-
ate to continuous variables. The associations of DTN times with 
mortality and readmission were analyzed using Cox proportional 
hazards models with robust sandwich covariance estimates to 
account for within-hospital clustering. The proportional hazards 
assumption was assessed with Schoenfeld residuals. For read-
mission, a cause-specific hazard model was used to account for 
the competing risk of mortality.28

The adjusted models controlled for potential confounders 
including (1) patient characteristics, including age, sex, race and 
ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previ-
ous stroke and transient ischemic attack, history of coronary artery 
disease/myocardial infarction, heart failure, carotid stenosis, dia-
betes, peripheral artery disease, hypertension, dyslipidemia, renal 
insufficiency, and smoking), antiplatelet or anticoagulant therapy, 
admission systolic blood pressure, heart rate, glucose, and stroke 
severity as measured by the National Institutes of Health Stroke 
Scale (NIHSS); and (2) hospital characteristics, including geo-
graphic region, urban/rural, total bed number, annual ischemic 
stroke volume, teaching status, and stroke center certification. 
For EVT treatment, the models also adjusted for onset-to-EVT 
times (time from last known well to arterial puncture).

Missing Data 
Rates of missingness of key patient and hospital characteris-
tics were low (Table S1). Patients missing socioeconomic vari-
ables or from sites with missing hospital characteristics were 
excluded from adjusted analyses. Covariates with ≥25% miss-
ingness were not used in the models. For remaining covariates 
with missing data, values were imputed using multiple imputa-
tion with 20 datasets. The missing rate of NIHSS was very low: 
278 patients (0.7%) in IVT-only cohort and 19 patients (0.5%) 
in the IVT+EVT cohort. Evidence of modest bias in NIHSS doc-
umentation was observed in older GWTG-Stroke data (before 
2012), but this bias has lessened because the documentation 
of NIHSS has improved in recent years.29 Therefore, NIHSS 
was not imputed in the current analysis. The missing rates of 
mRS were high, especially at 90 days (Table S2). Therefore, the 
analyses of mRS were limited to those with documented mRS.

All statistical analyses were performed using SAS Version 
9.4 software (SAS Institute). All tests were 2-sided, with 
P<0.05 considered statistically significant.

RESULTS
Among the 503 876 patients with matching records, 
43 989 received IVT only, 4603 received IVT+EVT, and 
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9125 received EVT-only treatment (Figure S1). After 
excluding patients with incomplete records, in-hospital 
stroke, IVT initiated after 4.5 hours, EVT initiated after 
7 hours of last known well, left against medical advice, 
and discharge status missing, the final analysis includ-
ed 38 913 patients treated with IVT only, 3946 with 
IVT+EVT, and 3704 with EVT only.

Shorter DTN Times Were Associated With 
More Home Time and Lower Mortality and 
Readmission in Patients Treated With IVT Only
Patient and hospital characteristics for the IVT-only co-
hort are provided in Table S3. The outcomes by every 
15-minute increment of DTN times are provided in Ta-
ble 1. Using DTN ≤30 minutes as the reference, the in-
crease of DTN times to 31 to 45, 46 to 60, 61 to 75, 76 
to 90, and >90 minutes was associated with increment-
ed odds of zero home time in a year (never discharged to 
home as a result of death or long-term facility stay) (ad-
justed odds ratio [aOR], 0.95, 1.04, 1.15, 1.13, and 1.33, 
respectively) and with decrement of home time among 
those ever discharged to home (home time >0; aOR per 
1% of 365 days, 0.98, 0.92, 0.90, 0.87, and 0.85, respec-
tively). These associations held true in 90-day home time. 
The adjusted spline plots in Figure 1A and 1B delineate 
the relationship between home time and DTN times as 
a continuous variable, which showed a turning point at 
a DTN time of 90 minutes. Each 15-minute additional 
DTN time, up to 90 minutes, was associated with higher 
odds of zero home time in 1 year (aOR, 1.04 [95% CI, 
1.01–1.07]), less home time among those discharged to 
home (aOR per 1% of 365 days, 0.96 [95% CI, 0.94–
0.98]), higher all-cause mortality (adjusted hazard ratio 
[aHR], 1.03 [95% CI, 1.01–1.04]), and higher readmis-
sion (aHR, 1.02 [95% CI, 1.01-1.03]; Table 1). This direc-
tionality dissipated after a DTN time of 90 minutes.

The outcomes by AHA/ASA recommended DTN tar-
gets of 30, 45, and 60 minutes are shown in Table 2. 
DTN >45 minutes, compared with DTN ≤45 minutes, 
was associated with higher odds of zero home time in 
a year (aOR, 1.16 [95% CI, 1.08–1.26]), less home time 
(aOR, 0.90 per 1% [95% CI, 0.86–0.94]), higher all-
cause mortality (aHR, 1.11 [95% CI, 1.06–1.16]), and 
higher readmission (aHR, 1.05 [95% CI, 1.02–1.09]). 
These associations were also evident with DTN >60 ver-
sus ≤60 minutes, and in the sensitivity analysis excluding 
DTN >90 minutes, as well (Table S4).

Shorter DTN Times Were Associated With More 
Home Time and Lower Mortality in IVT+EVT 
Combined Therapy
The outcomes by every 15-minute increment of DTN 
times in patients treated with IVT+EVT combined therapy 
are shown in Table 3. The adjusted spline plots are pro-

vided in Figure  1C and 1D. With the use of DTN ≤30 
minutes as the reference group, the increase of DTN time 
to 31 to 45, 46 to 60, and >60 minutes was associated 
with incremented odds of zero home time in a year (aOR 
1.20, 1.29, and 1.62, respectively), decrement in home 
time among those discharged to home (median 284, 237, 
and 200 days, respectively, versus 302 days in DTN ≤30 
minutes; aOR per 1% of 365 days, 1.03, 0.88, and 0.72, 
respectively), and increment in mortality (aOR 0.99, 1.12, 
and 1.32, respectively). When DTN times were modeled 
as a continuous variable, each 15-minute increment of 
DTN time was associated with higher odds of zero home 
time in a year (aOR, 1.12 [95% CI, 1.06–1.19]), less 
home time among those discharged to home (aOR, 0.93 
per 1% of 365 days [95% CI, 0.89–0.98]), and higher all-
cause mortality (aHR 1.07 [95% CI 1.02–1.11]).

DTN times within 30, 45, and 60 minutes in IVT+EVT 
combined treatment, compared with longer than those tar-
gets, were associated with longer home time in 90 days 
and 1 year, and lower all-cause mortality in 1 year (Table 4). 
DTN >45 minutes, compared with DTN ≤45 minutes, had 
higher odds of zero home time in 1 year (aOR, 1.26 [95% 
CI, 1.05–1.51]), less home time among those discharged 
home (aOR, 0.80 per 1% [95% CI, 0.69–0.91]), and higher 
mortality (aHR, 1.20 [95% CI, 1.03–1.38]). Readmission 
risk did not differ. These associations held true in the sen-
sitivity analysis excluding transferred patients (Table S5).

IVT-to-EVT Times and Door-to-EVT Times Were 
Also Associated With Outcomes in IVT+EVT 
Combined Treatment
The associations of IVT-to-EVT times with outcomes are 
shown in Table  5, and the sensitivity analyses excluding 
transferred patients are provided in Table S6. The unadjust-
ed analyses did not show significant associations between 
IVT-to-EVT times with outcomes within each prespecified 
DTN time category. However, after adjusting for patient and 
hospital characteristics, and onset-to-arrival and DTN times, 
as well, the associations became statistically significant for 
some outcomes. Each 30-minute increase of IVT-to-EVT 
times was associated with less home time in 1 year among 
those who were discharged to home, but mortality did not 
differ. Similar directionality was observed when onset-to-
needle times were within 3 hours (Table S7).

We further analyzed the associations of door-to-EVT 
times with outcomes in the IVT+EVT group (Table S8). 
Every 30-minute increase of door-to-EVT times was 
associated with higher odds of zero home time in a year 
(aOR, 1.07 [95% CI, 1.01–1.13]), less home time among 
those discharged to home (aOR, 0.94 per 1% of 365 
days [95% CI, 0.90–0.98]), and higher all-cause mortal-
ity (aHR, 1.05 [95% CI, 1.00–1.09]), but not all-cause 
readmission (aOR, 1.02 [95% CI, 0.98–1.05]). These 
associations held true in the sensitivity analysis exclud-
ing transferred patients (Table S9).
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Table 1.  Home Time in IVT-Only Cohort With Every 15-Minute Increment of Door-to-Needle Times

Home time 

Door-to-needle time

≤30 min 31–45 min 46–60 min 61–75 min 76–90 min >90 min Per 15-min increment*

Ref  DTN≤90 min DTN>90 min 

90-day home time (HT)

 � Median [IQR] 71 [14–85] 71 [12–85] 71 [11–85] 69 [10–85] 70 [10–85] 70 [8–85]   

 � HT=0, never discharged to home within 90 days after acute stroke

  �  Unadjusted OR 
(95% CI)

 0.99  
(0.90–1.10)

1.03  
(0.93–1.14)

1.07  
(0.96–1.20)

1.07  
(0.94–1.22)

1.20  
(1.07–1.34)

1.03  
(1.01–1.05)

1.01  
(0.96–1.06)

  �  Adjusted OR 
(95% CI)

 0.96  
(0.87–1.07)

1.03  
(0.93–1.15)

1.07  
(0.95–1.20)

1.10  
(0.96–1.26)

1.28  
(1.13–1.45)

1.03  
(1.01–1.06)

1.04  
(0.99–1.10)

 � HT>0, per 1% (of 90 days) increase of HT among those ever discharged to home

  �  Unadjusted OR 
(95% CI)

 0.97  
(0.91–1.04)

0.97  
(0.91–1.03)

0.91  
(0.85–0.98)

0.95  
(0.87–1.03)

0.96  
(0.89–1.03)

0.98  
(0.97–0.99)

1.05  
(1.02–1.08)

  �  Adjusted OR 
(95% CI)

 0.98  
(0.92–1.04)

0.95  
(0.89–1.01)

0.90  
(0.84–0.96)

0.91  
(0.84–0.99)

0.86  
(0.80–0.92)

0.97  
(0.96–0.98)

1.01  
(0.98–1.04)

1-year home time

 � Median [IQR] 335  
[119–359]

334 [82–359] 335  
[113–359]

335 [84–359] 331 [65–358] 332  
[60–358]

  

 � HT=0, never discharged to home in a year after acute stroke

  �  Unadjusted OR 
(95% CI)

 0.99  
(0.88–1.12)

1.05  
(0.94–1.18)

1.16  
(1.02–1.31)

1.11  
(0.96–1.29)

1.26  
(1.11–1.44)

1.04  
(1.01–1.06)

1.01  
(0.96–1.07)

  �  Adjusted OR 
(95% CI)

 0.95  
(0.84–1.08)

1.04  
(0.92–1.18)

1.15  
(1.00–1.32)

1.13  
(0.96–1.33)

1.33  
(1.15–1.53)

1.04  
(1.01–1.07)

1.05  
(0.99–1.12)

 � HT>0, per 1% (of 365 days) increase of HT among those ever discharged to home

  �  Unadjusted OR 
(95% CI)

 0.97  
(0.90–1.04)

0.92  
(0.85–1.00)

0.90  
(0.84–0.98)

0.89  
(0.81–0.98)

0.93  
(0.86–1.01)

0.97  
(0.95–0.98)

1.09  
(1.05–1.13)

  �  Adjusted OR 
(95% CI)

 0.98  
(0.91–1.05)

0.92  
(0.85–0.99)

0.90  
(0.83–0.97)

0.87  
(0.79–0.97)

0.85  
(0.78–0.92)

0.96  
(0.94–0.98)

1.04  
(1.00–1.08)

1-year all-cause mortality

 � Unadjusted HR 
(95% CI)

 0.98  
(0.91–1.07)

1.04  
(0.95–1.13)

1.07  
(0.98–1.17)

1.08  
(0.97–1.19)

1.06  
(0.96–1.16)

1.03  
(1.01–1.05)

0.93  
(0.90–0.97)

 � Adjusted HR 
(95% CI)

 0.99  
(0.92–1.08)

1.08  
(1.00–1.17)

1.09  
(1.00–1.19)

1.12  
(1.01–1.25)

1.15  
(1.05–1.27)

1.03  
(1.01–1.04)

–†

1-year all-cause readmission‡

 � Unadjusted HR 
(95% CI)

 1.01  
(0.96–1.07)

1.01  
(0.96–1.07)

1.04  
(0.98–1.11)

1.04  
(0.96–1.12)

1.08  
(1.01–1.15)

1.02  
(1.00–1.03)

0.99  
(0.96–1.02)

 � Adjusted HR 
(95% CI)

 1.01  
(0.96–1.07)

1.03  
(0.98–1.10)

1.06  
(0.99–1.13)

1.08  
(1.00–1.17)

1.14  
(1.06–1.22)

1.02  
(1.01–1.03)

–†

HT=0 refers to patients who either died or were unable to be discharged to home from acute care hospital or post–acute care facility as a result of severe disability. 
HT>0 refers to those ever discharged to home. Median HT was calculated among patients with HT>0. The associations of DTN with HT were estimated using a 2-stage 
model, producing 2 ORs for each DTN comparison. The ORs for “HT=0” indicated the ORs for having zero HT in the longer DTN group compared with the shorter DTN 
group; values >1 indicated that longer DTN was associated with higher odds of zero home days, an unfavorable outcome. The ORs for “HT>0, 1% increase” indicated 
the ORs of a 1% (of 90 days or 365 days) increase in the proportion of HT in the longer DTN group compared with the shorter DTN group among those who were 
discharged home; values <1 indicated that longer DTN times were associated with lower odds of additional days spent at home, an unfavorable outcome. For example, 
every 15-minute increase of DTN times up to 90 minutes was associated with higher odds of zero HT and, among those discharged to home, lower odds of a higher 
proportion of time spent at home, indicating that outcomes were worse with longer DTN times. 

Covariates for the adjusted models are as follows: (1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous 
stroke and transient ischemic attack, history of coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hyperten-
sion, dyslipidemia, renal insufficiency, and smoking), antiplatelet or anticoagulant, admission systolic blood pressure, heart rate, glucose, and stroke severity as measured 
by the National Institutes of Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, annual ischemic stroke volume, 
teaching status, and stroke center certification. DTN indicates door-to-needle time; HR, hazard ratio; IQR, interquartile range; IVT, intravenous thrombolytic therapy; OR, 
odds ratio; and Ref, reference.

*DTN time was modeled as continuous variable.
†Data were not available because there were too few events to fit the adjusted model.
‡Cause-specific model was used for readmission to account for competing risk of death.
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Secondary Analysis: EVT+IVT With Shorter DTN 
Times Had Better Outcomes Than EVT Only

As a secondary analysis, we compared the outcomes 
among patients treated with IVT+EVT at different DTN 
times versus those treated with EVT only. As shown in 
Table S10, there were no significant differences be-
tween the 2 groups in terms of patient age, sex, race 
and ethnicity, most comorbidities, and stroke severity 
as measured by NIHSS. However, the IVT+EVT group 

had lower prevalence of atrial fibrillation, previous 
stroke, heart failure, and antiplatelet or anticoagulant 
before admission compared with the other groups. In 
addition, the IVT+EVT group had longer door-to-EVT 
time (median 102 versus 79, standardized difference 
44.64), but shorter onset-to-EVT time (median 176 
versus 245, standardized difference 39.19). The medi-
an annual EVT volume of the treating hospitals for the 
IVT+EVT group was lower than that for the EVT-only 
group (48 versus 56, standardized difference 25.41). 

Figure 1. Adjusted spline plots of door-to-needle time vs 90-day home time.
A and C were drawn from the adjusted model of zero home time (patients who either died within 90 days of stroke admission or were unable 
to be discharged to home from acute hospital or post–acute care facility as a result of severe disability). B and D were drawn from the adjusted 
model predicting proportion of days at home for those with home time >0 (patients who were ever discharged to home within 90 days). The 
Y-axis represents proportion of 90 days. The gray zone represents 95% CI. In the IVT-only cohort, but not the IVT+EVT cohort, the association of 
home time and door-to-needle changed at a door-to-needle time of 90 minutes. Covariates for the adjusted models: (1) patient characteristics 
including age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and transient ischemic attack, history of 
coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dyslipidemia, renal 
insufficiency, and smoking), antiplatelet or anticoagulant, admission systolic blood pressure, heart rate, glucose, and stroke severity as measured 
by the National Institutes of Health Stroke Scale; and (2) hospital characteristics including geographic region, urban/rural, total bed number, 
annual ischemic stroke volume, teaching status, and stroke center certification. For EVT treatment (B and D), the models also adjusted for onset-
to-EVT times. EVT indicates endovascular thrombectomy; and IVT, intravenous thrombolytic therapy.
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Adjusted outcome analyses were performed after pa-
tients were stratified by onset-to-EVT times and the 
results are provided in Table 6. Among patients treated 
with onset-to-EVT ≤180 minutes, combined therapy 
with DTN ≤30, 45, and 60 minutes had significantly 
more home time in a year (median 310, 304, and 286 
days, respectively; aOR 1.48, 1.47, and 1.39 per 1% of 
365 days) compared with the EVT-only group (median 
225 days). DTN ≤45 or 60 minutes was associated 
with significantly lower 1-year mortality (aHR 0.76 and 
0.81, respectively) compared with the EVT-only group. 
This association held true for onset-to-EVT 181- to 
300-minute group and in the sensitivity analysis ex-

cluding transferred patients (Table S11). Adjusted 
analyses were not performed in some subgroups be-
cause of the small numbers of events.

The mRS at discharge is provided in Figure  2. The 
proportion of patients achieving good functional out-
comes at discharge, defined as an mRS of 0 to 2, 
increased as DTN times shortened in the IVT+EVT group 
(22.3%, 23.4%, and 25.0%, for DTN ≤60, 45, and 30 
minutes, respectively), compared with 16.4% in EVT-only 
group (P<0.001 for each). This outcome benefit in the 
IVT+EVT group dissipated at DTN >60 minutes (18.0%, 
P=0.404). This directionality was also observed at 90 
days, but data missing rates were high (Figure S3).

Table 2.  Home Time in IVT-Only Cohort with Prespecified Door-to-Needle Time Targets

Home time 

Door-to-needle time

≤30 min (Ref) >30 min ≤45 min (Ref) >45 min ≤60 min (Ref) >60 min 

90-day home time (HT)

 � Median [IQR] 71 [14–85] 70 [10–85] 71 [13–85] 70 [10–85] 71 [12–85] 69 [9–85]

 � HT=0, never discharged to home within 90 days after acute stroke

  �  Unadjusted OR (95% CI)  1.05 (0.96–1.15)  1.08 (1.02–1.15)  1.10 (1.04–1.17)

  �  Adjusted OR (95% CI)  1.04 (0.94–1.14)  1.12 (1.05–1.19)  1.13 (1.06–1.21)

 � HT>0, per 1% (of 90 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.96 (0.90–1.01)  0.97 (0.93–1.00)  0.96 (0.92–0.99)

  �  Adjusted OR (95% CI)  0.92 (0.87–0.98)  0.93 (0.89–0.96)  0.91 (0.88–0.95)

1-year home time

 � Median [IQR] 335 [119–359] 334 [82–359] 335 [116–359] 333 [69–358] 335 [102–359] 331 [57–358]

 � HT=0, never discharged to home within a year after acute stroke

  �  Unadjusted OR (95% CI)  1.09 (0.98–1.20)  1.13 (1.06–1.21)  1.16 (1.08–1.24)

  �  Adjusted OR (95% CI)  1.06 (0.95–1.19)  1.16 (1.08–1.26)  1.20 (1.11–1.29)

 � HT>0, per 1% (of 365 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.93 (0.87–1.00)  0.94 (0.90–0.98)  0.95 (0.91–0.99)

  �  Adjusted OR (95% CI)  0.91 (0.85–0.97)  0.90 (0.86–0.94)  0.91 (0.87–0.96)

1-year all-cause mortality

 � Unadjusted HR (95% CI)  1.04 (0.96–1.12)  1.07 (1.02–1.12)  1.07 (1.02–1.12)

 � Adjusted HR (95% CI)  1.06 (0.99–1.14)  1.11 (1.06–1.16)  1.08 (1.03–1.14)

1-year all-cause readmission*

 � Unadjusted HR (95% CI)  1.03 (0.98–1.08)  1.03 (1.00–1.06)  1.04 (1.01–1.08)

 � Adjusted HR (95% CI)  1.04 (0.99–1.10)  1.05 (1.02–1.09)  1.07 (1.03–1.11)

HT=0 refers to patients who either died or were unable to be discharged to home from acute hospital or post–acute care facility as a result of severe disability. HT> 0 
refers to those ever discharged to home. Median home time was calculated among patients with HT>0. The associations of DTN with HT were estimated using a 2-stage 
model, producing 2 ORs for each DTN comparison. The ORs for “HT=0” indicated the ORs for having zero HT in the longer DTN group compared with the shorter DTN 
group; values >1 indicated that longer DTN was associated with higher odds of zero home days, an unfavorable outcome. The ORs for “HT>0, 1% increase” indicated the 
ORs of a 1% (of 90 days or 365 days) increase in the proportion of home time in the longer DTN group compared with the shorter DTN group among those who were 
discharged home; values <1 indicated that longer DTN times were associated with lower odds of additional days spent at home, an unfavorable outcome. For example, 
DTN >45 minutes was associated with higher odds of zero HT and, among those discharged to home, lower odds of a higher proportion of time spent at home, indicating 
that outcomes were worse with longer DTN times. 

Covariates for the adjusted models: (1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and 
transient ischemic attack, history of coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dys-
lipidemia, renal insufficiency, and smoking), antiplatelet or anticoagulant, admission systolic blood pressure, heart rate, glucose, and stroke severity as measured by the 
National Institutes of Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, annual ischemic stroke volume, teaching 
status, and stroke center certification. DTN indicates door-to-needle time; HR, hazard ratio; IQR, interquartile range; IVT, intravenous thrombolytic therapy; OR, odds ratio; 
and Ref, reference. 

*Cause-specific model was used for readmission to account for competing risk of death.
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DISCUSSION
This large nationwide study of US older patients treated 
with IVT only and, importantly, IVT+EVT combined therapy 
demonstrated that shorter DTN times for IVT are associ-
ated with greater chance of being discharged to home, 
more time at home, and lower all-cause mortality within a 
year after acute ischemic stroke. The odds are modest in 
the IVT-only group and greater in the IVT+EVT group. The 
results in the IVT-only cohort confirmed that home time, a 
novel functional outcome measure, has the same associa-
tions with DTN times as traditional outcome measures such 
as all-cause mortality and readmission.4 The results of the 
IVT+EVT combined treatment cohort is the first study to 
demonstrate that each 15-minute increase in DTN times, 

even followed by EVT, is associated with less home time 
and higher mortality in a year. The secondary analysis sug-
gests that, for IVT+EVT combined treatment, when IVT is 
given with DTN ≤60 minutes and onset-to-EVT ≤300 min-
utes, is associated with more home time and lower mortality 
than EVT alone. Patients treated with combined therapy at 
shorter DTN times (up to 60 minutes) are more likely to 
achieve functional independence at discharge and 90 days.

This study provides important new information on the 
association of DTN times with outcomes in patients who 
also underwent EVT. Previous studies of DTN times have 
either excluded patients who had EVT or were based on 
small sample sizes or highly selected populations. A previ-
ous study from the HERMES collaboration found, like ours, 
that DTN delays are associated with worse outcomes in 

Table 3.  Outcomes in IVT+EVT Cohort with Every 15-Minute Increment of Door-to-Needle Times

Home time Door-to-needle time

≤30 min (Ref) 31–45 min 46–60 min >60 min Per 15-min increment* 

90-day home time (HT)

 � Median [IQR] 56 [1–81] 48 [0–77] 33 [0–74] 18 [0–69]  

 � HT=0, never discharged to home within 90 days after acute stroke

  �  Unadjusted OR (95% CI)  1.11 (0.92–1.34) 1.32 (1.07–1.61) 1.55 (1.25–1.92) 1.12 (1.07–1.17)

  �  Adjusted OR (95% CI)  1.08 (0.88–1.32) 1.19 (0.95–1.50) 1.43 (1.11–1.84) 1.10 (1.04–1.16)

 � HT>0, per 1% (of 90 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.91 (0.79–1.04) 0.78 (0.67–0.91) 0.71 (0.60–0.83) 0.93 (0.90–0.96)

  �  Adjusted OR (95% CI)  1.00 (0.87–1.14) 0.92 (0.79–1.08) 0.79 (0.67–0.94) 0.95 (0.92–0.99)

1-year home time

 � Median [IQR] 302 [8–352] 284 [4–349] 237 [2–344] 200 [0–340]  

 � HT=0, never discharged to home within a year after acute stroke

  �  Unadjusted OR (95% CI)  1.23 (1.00–1.52) 1.43 (1.14–1.80) 1.74 (1.37–2.20) 1.13 (1.08–1.19)

  �  Adjusted OR (95% CI)  1.20 (0.95–1.52) 1.29 (0.99–1.67) 1.62 (1.22–2.14) 1.12 (1.06–1.19)

 � HT>0, per 1% (of 365 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.96 (0.82–1.13) 0.77 (0.64–0.92) 0.68 (0.56–0.83) 0.92 (0.88–0.95)

  �  Adjusted OR (95% CI)  1.03 (0.87–1.22) 0.88 (0.72–1.07) 0.72 (0.58–0.90) 0.93 (0.89–0.98)

1-year all-cause mortality

 � Unadjusted HR (95% CI)  1.01 (0.86–1.20) 1.24 (1.04–1.48) 1.34 (1.10–1.63) 1.08 (1.04–1.12)

 � Adjusted HR (95% CI)  0.99 (0.83–1.20) 1.12 (0.92–1.36) 1.32 (1.06–1.65) 1.07 (1.02–1.11)

1-year all-cause readmission†

 � Unadjusted HR (95% CI)  1.09 (0.95–1.26) 1.16 (1.01–1.33) 1.03 (0.89–1.21) 1.02 (0.99–1.06)

 � Adjusted HR (95% CI)  1.09 (0.94–1.26) 1.05 (0.90–1.23) 1.00 (0.83–1.20) 1.01 (0.97–1.05)

HT=0 refers to patients who either died or were unable to be discharged to home from acute hospital or post–acute care facility as a result of severe disability. HT>0 
refers to those ever discharged to home. Median HT was calculated among patients with HT>0. The associations of DTN with HT were estimated using a 2-stage model, 
producing 2 ORs for each DTN comparison. The ORs for “HT=0” indicated the ORs for having zero HT in the longer DTN group compared with the shorter DTN group; 
values >1 indicated that longer DTN was associated with higher odds of zero home days, an unfavorable outcome. The ORs for “HT>0, 1% increase” indicated the ORs 
of a 1% (of 90 days or 365 days) increase in the proportion of HT in the longer DTN group compared with the shorter DTN group among those who were discharged 
home; values <1 indicated that longer DTN times were associated with lower odds of additional days spent at home, an unfavorable outcome. 

Covariates for the adjusted models: (1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and 
transient ischemic attack, history of coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dys-
lipidemia, renal insufficiency, and smoking), antiplatelet or anticoagulant, onset-to-EVT times, admission systolic blood pressure, heart rate, glucose, and stroke severity 
as measured by the National Institutes of Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, annual ischemic stroke 
volume, teaching status, and stroke center certification. DTN indicates door-to-needle time; EVT, endovascular thrombectomy; HR, hazard ratio; IQR, interquartile range; 
IVT, intravenous thrombolytic therapy; OR, odds ratio; and Ref, reference. 

*DTN time was modeled as continuous variable.
†Cause-specific model was used for readmission to account for competing risk of death.
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patients treated with EVT.31 However, that study was small 
(only 601 patients) and was performed in a highly selected 
trial population that was probably not representative of the 
patients treated in routine clinical practice. These novel 
findings have important implications for stroke systems of 
care and quality improvement. The findings demonstrate 
the importance of maintaining and strengthening focus on 
reducing DTN times in the era of highly effective EVT.

DTN time has been set as the target of the AHA/ASA 
Target:Stroke national quality initiative because it is directly 
under the control of hospital stroke teams and systems 
of care.3,9,26 Our previous study showed that shorter DTN 
times, and achieving the Target:Stroke prespecified DTN 
time targets of ≤45 minutes and ≤60 minutes are associ-

ated with lower 1-year all-cause mortality and readmission 
after stroke.4 These findings are extended in the present 
study with home time as a functional outcome measure 
that has been prioritized by stroke survivors.19,20 These 
results support current guidelines to initiate IVT after non-
contrast CT.30 Advanced imaging, such as CT angiogram 
and MRI, including perfusion imaging, should not delay the 
thrombolytic therapy. The present study added novel data 
proving that, among patients treated with IVT+EVT com-
bined therapy, accelerated DTN times are associated with 
clinically significant lower risk of zero home time (never 
discharged to home as a result of death or long-term care 
facility stay), more days at home, and lower mortality within 
a year. Every 15-minute delay in IVT administration, even 

Table 4.  Outcomes in IVT+EVT Cohort with Prespecified Door-to-Needle Time Targets

Home time Door-to-needle time

≤30 min 
(Ref) >30 min ≤45 min (Ref) >45 min 

≤60 min 
(Ref) >60 min 

90-day home time (HT)

 � Median [IQR] 56 [1–81] 35 [0–75] 51 [0–79] 24 [0–72] 46 [0–77] 18 [0–69]

 � HT=0, never discharged to home within 90 days after acute stroke

  �  Unadjusted OR (95% CI)  1.27 (1.08–1.49)  1.33 (1.16–1.54)  1.37 (1.15–1.64)

  �  Adjusted OR (95% CI)  1.17 (0.97–1.41)  1.23 (1.04–1.44)  1.30 (1.07–1.60)

 � HT>0, per 1% (of 90 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.82 (0.73–0.92)  0.79 (0.71–0.89)  0.79 (0.68–0.91)

  �  Adjusted OR (95% CI)  0.94 (0.84–1.06)  0.87 (0.77–0.98)  0.82 (0.70–0.95)

1-year home time

 � Median [IQR] 302 [8–352] 259 [2-345] 293 [5–351] 226 [0–342] 280 [4–349] 200 [0–340]

 � HT=0, never discharged to home within a year after acute stroke

  �  Unadjusted OR (95% CI)  1.40 (1.16–1.69)  1.38 (1.18–1.62)  1.44 (1.19–1.75)

  �  Adjusted OR (95% CI)  1.29 (1.05–1.60)  1.26 (1.05–1.51)  1.37 (1.10–1.71)

 � HT>0, per 1% (of 365 days) increase of HT among those ever discharged to home

  �  Unadjusted OR (95% CI)  0.83 (0.72–0.96)  0.74 (0.66–0.84)  0.74 (0.63–0.88)

  �  Adjusted OR (95% CI)  0.93 (0.79–1.08)  0.80 (0.69–0.91)  0.75 (0.62–0.89)

1-year all-cause mortality

 � Unadjusted HR (95% CI)  1.15 (1.00–1.33)  1.27 (1.12–1.45)  1.25 (1.06–1.48)

 � Adjusted HR (95% CI)  1.08 (0.92–1.27)  1.20 (1.03–1.38)  1.27 (1.06–1.52)

1-year all-cause readmission*

 � Unadjusted HR (95% CI)  1.10 (0.97–1.24)  1.05 (0.95–1.16)  0.96 (0.84–1.10)

 � Adjusted HR (95% CI)  1.06 (0.93–1.21)  0.98 (0.87–1.10)  0.95 (0.81–1.11)

HT=0 refers to patients who either died or were unable to be discharged to home from acute hospital or post–acute care facility as a result of severe disability. HT>0 
refers to those ever discharged to home. Median HT was calculated among patients with HT>0. 

The associations of DTN with home time were estimated using a 2-stage model, producing 2 ORs for each DTN comparison. The ORs for “HT=0” indicated the ORs 
for having zero HT in the longer DTN group compared with the shorter DTN group; values >1 indicated that longer DTN was associated with higher odds of zero home 
days, an unfavorable outcome. The ORs for “HT>0, 1% increase” indicated the ORs of a 1% (of 90 days or 365 days) increase in the proportion of HT in the longer 
DTN group compared with the shorter DTN group among those who were discharged home; values <1 indicated that longer DTN times were associated with lower odds 
of additional days spent at home, an unfavorable outcome. For example, DTN>45 minutes was associated with higher odds of zero HT and, among those discharged to 
home, lower odds of a higher proportion of time spent at home, indicating that outcomes were worse with longer treatment times. Covariates for the adjusted models: 
(1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and transient ischemic attack, history of coronary 
artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dyslipidemia, renal insufficiency, and smoking), 
antiplatelet or anticoagulant, onset-to-EVT times, admission systolic blood pressure, heart rate, glucose, and stroke severity as measured by the National Institutes of 
Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, annual ischemic stroke volume, teaching status, and stroke center 
certification. DTN indicates door-to-needle time; EVT, endovascular thrombectomy; HR, hazard ratio; IQR, interquartile range; IVT, intravenous thrombolytic therapy; OR, 
odds ratio; and Ref, reference.

*Cause-specific model was used for readmission to account for competing risk of death.
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with concurrent modern EVT treatment, is associated with 
less home time and higher all-cause mortality in 1 year. 
These results also support the increased use of prehospital 
thrombolytic therapy in mobile stroke units, which provide 
fast thrombolytic treatment.32,33 The greater effect of DTN 

times among the IVT+EVT combined treatment group 
might have been due to a synergistic effect of IVT and EVT. 
Systemic thrombolysis facilitates early recanalization of the 
thrombectomy procedure, and the recanalization of large 
vessels by EVT facilities IVT to lyse distal or hard-to-reach 

Table 5.  Association of IVT-to-EVT Times with Outcomes in IVT+EVT Cohort

Door-to-needle Home time, d, median [IQR]
Unadjusted OR/
HR (95% CI) 

Adjusted OR/HR 
(95% CI) 

Unadjusted OR/
HR (95% CI) 

Adjusted OR/HR 
(95% CI) 

IVT-to-EVT 
≤60 min 

IVT-to-EVT 
>60 min Ref: IVT-to-EVT ≤60 min Per 30-min increment*

Door-to-needle ≤30 min

 � 90-day HT=0   1.25 (0.94–1.66) 1.56 (1.12–2.19) 1.03 (0.92–1.14) 1.11 (0.98–1.26)

 � 90-day HT>0, per 1% increase 61 [1–83] 44 [0–79] 0.87 (0.70–1.09) 0.77 (0.61–0.97) 0.97 (0.90–1.05) 0.91 (0.83–1.00)

 � 1-year HT=0   1.09 (0.78–1.52) 1.38 (0.94–2.02) 1.04 (0.92–1.17) 1.15 (0.99–1.33)

 � 1-year HT>0, per 1% increase 306 [9–354] 298 [7–352] 1.01 (0.77–1.34) 0.83 (0.62–1.10) 1.03 (0.93–1.14) 0.95 (0.85–1.06)

 � 1-year mortality   0.89 (0.68–1.17) –‡ 0.98 (0.89–1.09) –‡

 � 1-year readmission†   1.05 (0.85–1.28) –‡ 1.01 (0.95–1.07) –‡

Door-to-needle ≤45 min

 � 90-day HT=0   1.09 (0.91–1.32) 1.22 (1.00–1.51) 1.04 (0.98–1.11) 1.09 (1.01–1.17)

 � 90-day HT>0, per 1% increase 57 [0–81] 41 [0–77] 0.82 (0.72–0.94) 0.76 (0.67–0.87) 0.94 (0.90–0.98) 0.91 (0.87–0.96)

 � 1-year HT=0   1.00 (0.82–1.23) 1.12 (0.89–1.41) 1.00 (0.93–1.08) 1.04 (0.96–1.13)

 � 1-year HT>0, per 1% increase 299 [5–351] 282 [5–350] 0.90 (0.77–1.05) 0.78 (0.66–0.93) 0.97 (0.92–1.03) 0.93 (0.88–0.99)

 � 1-year mortality   1.04 (0.88–1.23) 1.20 (1.00–1.45) 1.00 (0.95–1.06) 1.06 (0.99–1.12)

 � 1-year readmission†   1.11 (0.98–1.25) 1.20 (1.05–1.38) 1.01 (0.98–1.05) 1.02 (0.97–1.07)

Door-to-needle ≤60 min

 � 90-day HT=0   1.13 (0.97–1.32) 1.20 (1.01–1.43) 1.05 (0.99–1.10) 1.07 (1.01–1.13)

 � 90-day HT>0, per 1% increase 54 [0–80] 34 [0–76] 0.80 (0.71–0.90) 0.75 (0.67–0.84) 0.93 (0.89–0.97) 0.91 (0.87–0.94)

 � 1-year HT=0   1.06 (0.89–1.26) 1.14 (0.94–1.39) 1.02 (0.97–1.08) 1.05 (0.99–1.12)

 � 1-year HT>0, per 1% increase 286 [4–350] 273 [4–348] 0.89 (0.78–1.02) 0.81 (0.70–0.94) 0.97 (0.93–1.01) 0.94 (0.90–0.99)

 � 1-year mortality   1.07 (0.93–1.23) 1.16 (1.00–1.35) 1.01 (0.97–1.06) 1.05 (1.00–1.10)

 � 1-year readmission†   1.06 (0.96–1.18) 1.13 (1.01–1.27) 1.01 (0.98–1.04) 1.01 (0.97–1.05)

Door-to-needle >60 min

 � 90-day HT=0   1.34 (0.97–1.84) 1.65 (1.12–2.44) 1.14 (1.03–1.27) 1.24 (1.09–1.40)

 � 90-day HT>0, per 1% increase 24 [0–71] 10 [0–68] 0.92 (0.71–1.20) 0.77 (0.59–1.01) 0.98 (0.89–1.07) 0.92 (0.84–1.01)

 � 1-year HT=0   1.15 (0.82–1.63) 0.72 (0.52–1.00) 1.07 (0.96–1.19) 1.17 (1.02–1.34)

 � 1-year HT>0, per 1% increase 215 [0–341] 194 [0–337] 1.00 (0.74–1.36) 1.52 (0.99–2.34) 0.99 (0.89–1.10) 0.89 (0.79–0.99)

 � 1-year mortality   0.98 (0.74–1.31) –‡ 0.99 (0.90–1.08) –‡

 � 1-year readmission†   1.06 (0.81–1.39) –‡ 1.00 (0.93–1.07) –‡

Data are expressed as median [interquartile range], adjusted odds ratio (95% CI) for HT, or adjusted hazard ratio (95% CI) for mortality and readmission. HT=0 refers 
to patients who either died or were unable to be discharged home as a result of severe disability. HT>0 refers to those ever discharged home. Median HT was calculated 
among patients with HT>0. The associations of IVT-to-EVT times with HT were estimated using a 2-stage model, producing 2 adjusted ORs for each comparison. The 
ORs for “HT=0” indicated the ORs for having zero HT in the longer IVT-to-EVT group compared with the shorter IVT-to-EVT group; values >1 indicated that longer IVT-
to-EVT was associated with higher odds of zero home days, an unfavorable outcome. The ORs for “HT>0, per 1% increase” indicated the ORs of a 1% (of 90 days or 
365 days) increase in the proportion of time at home in the longer IVT-to-EVT group compared with the shorter IVT-to-EVT group among those who were discharged to 
home; values <1 indicated that longer IVT-to-EVT was associated with lower odds of additional days spent at home, an unfavorable outcome. 

Covariates for the adjusted models: (1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and 
transient ischemic attack, history of coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dyslip-
idemia, renal insufficiency, and smoking), antiplatelet or anticoagulant, onset-to-arrival times, door-to-needle times, admission systolic blood pressure, heart rate, glucose, 
and stroke severity as measured by the National Institutes of Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, 
annual ischemic stroke volume, teaching status, and stroke center certification. IVT-to-EVT time was defined as the time from IVT bolus to arterial puncture for EVT. EVT 
indicates endovascular thrombectomy; HR, hazard ratio; HT, home time; IVT, intravenous thrombolytic therapy; and OR, odds ratio. 

*IVT-to-EVT time was modeled as continuous variable.
†Cause-specific model was used for readmission to account for competing risk of death.
‡Data were not available because there were too few events to fit the adjusted model.
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clots.34 Pooled analyses of trials of EVT with and without 
alteplase, a thrombolytic agent, showed trends toward 
better functional outcomes in those who received both. 

However, it is also possible that patients with large vessel 
occlusion have greater disability and provide greater scope 
for demonstrating an effect of shorter DTN times.

Table 6.  Secondary Analysis: Outcomes in EVT-Only Cohort versus EVT+IVT Cohort by Door-to-Needle Times

  EVT Only EVT+IVT

Ref DTN≤30 min DTN≤45 min DTN≤60 min DTN>60 min 

Onset to EVT ≤180 min

 � 90-day home time (HT)

  �  Median [IQR] 28 [0–74] 61 [2–83] 58 [1–81] 53 [0–80] 28 [0–75]

  �  HT=0, never discharged to home after acute stroke, 
aOR (95% CI)

 0.80 (0.60–1.05) 0.82 (0.66–1.03) 0.87 (0.71–1.07) –*

  �  HT>0, per 1% increase of home time among those 
ever discharged to home, aOR (95% CI)

 1.33 (1.10–1.60) 1.32 (1.14–1.53) 1.29 (1.13–1.49) –*

 � One-year home time

  �  Median [IQR] 225 [3–341] 310 [13–354] 304 [8–352] 286 [6–351] 250 [0–344]

  �  HT=0, never discharged to home after acute stroke 
admission, aOR (95% CI)

 0.74 (0.54–1.01) 0.84 (0.66–1.07) 0.86 (0.69–1.07) –*

  �  HT>0, per 1% increase of home time among those 
ever discharged to home, aOR (95% CI)

 1.48 (1.20–1.82) 1.47 (1.24–1.74) 1.39 (1.18–1.62) –*

 � 1-year mortality, aHR (95% CI)  –* 0.76 (0.65–0.89) 0.81 (0.70–0.94) –*

 � 1-year readmission,† aHR (95% CI)  –* 0.85 (0.74–0.98) 0.90 (0.79–1.03) –*

Onset to EVT 180–300 min

 � 90-day home time

  �  Median [IQR] 16 [0–71] 49 [0–79] 39 [0–76] 36 [0–75] 18 [0–69]

  �  HT=0, never discharged to home after acute stroke, 
aOR (95% CI)

 –* 0.84 (0.67–1.05) 0.82 (0.67–1.00) –*

  �  HT>0, per 1% increase of home time among those 
ever discharged to home, aOR (95% CI)

 –* 1.29 (1.09, 1.52) 1.20 (1.03, 1.39) –*

 � 1-year home time

  �  Median [IQR] 186 [0–338] 283 [2–351] 274 [2–348] 272 [2–347] 209 [0–337]

  �  HT=0, never discharged to home after acute stroke, 
aOR (95% CI)

 –* 0.88 (0.68–1.14) 0.90 (0.72–1.13) –*

  �  HT>0, per 1% increase of home time among those 
ever discharged to home, aOR (95% CI)

 –* 1.58 (1.31–1.91) 1.53 (1.30–1.81) –*

 � 1-year mortality, aHR (95% CI)  –* –* 0.75 (0.64–0.88) –*

1 � -year readmission,† aHR (95% CI)  –* –* 0.81 (0.70–0.94) –*

Onset to EVT >300 min‡

 � 90-day home time

  �  Median [IQR] 14 [0–71] 30 [0–77] 18 [0–73] 18 [0–73] 1 [0–56]

 � 1-year home time

  �  Median [IQR] 174 [0–338] 278 [10–346] 265 [2–344] 253 [1–345] 40 [0–327]

HT=0 refers to patients who either died or were unable to be discharged to home from acute care hospital or post–acute care facility as a result of severe disability. 
HT>0 refers to those ever discharged to home. Median HT was calculated among patients with HT>0. A 2-stage model was used for each HT comparison, producing 
2 aORs. EVT-only group within each onset-to-EVT time category was used as the reference. The ORs for “HT=0” indicated the ORs for having zero HT in each DTN 
subgroup of the IVT+EVT group compared with EVT-only group; values <1 indicated that IVT+EVT had lower odds of zero home days, a favorable outcome. The ORs for 
“HT>0, 1% increase” indicated the ORs of a 1% (of 90 days or 365 days) increase in the proportion of HT in the IVT+EVT group compared with EVT-only group among 
those who were discharged to home; values >1 indicated that IVT+EVT had higher odds of additional days spent at home, a favorable outcome. 

Covariates for the adjusted models: (1) patient characteristics: age, sex, race and ethnicity, insurance, comorbidities (atrial fibrillation/flutter, previous stroke and 
transient ischemic attack, history of coronary artery disease/myocardial infarction, heart failure, carotid stenosis, diabetes, peripheral artery disease, hypertension, dys-
lipidemia, renal insufficiency, and smoking), antiplatelet or anticoagulant, onset-to-EVT times, admission systolic blood pressure, heart rate, glucose, and stroke severity 
as measured by the National Institutes of Health Stroke Scale; and (2) hospital characteristics: geographic region, urban/rural, total bed number, annual ischemic stroke 
volume, teaching status, and stroke center certification. aHR indicates adjusted hazard ratio; aOR, adjusted odds ratio; DTN, door-to-needle; EVT, endovascular throm-
bectomy; IQR, interquartile range; IVT, intravenous thrombolytic therapy; and Ref, reference.

*Data were not available because there were too few events to fit the adjusted model.
†Cause-specific model was used for readmission to account for competing risk of death.
‡Adjusted model could not be constructed because there were too few events.
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Our study provides novel information to support the cur-
rent guidelines that both IVT and EVT should be provided 
for eligible patients and IVT should not be delayed because 
of planned EVT.30,35 This is the first study to demonstrate 
the time effect of IVT before EVT by modeling DTN time as 
a continuous variable and taking advantage of the nation-
wide real-practice database with a patient population an 
order of magnitude larger than clinical trials. A subanaly-
sis of the randomized clinical trials suggested that, among 
203 patients that received combined therapy, the 90-day 
mortality was higher with DTN >1 hour versus 0 to 1 hour, 
but functional outcomes did not differ.36 The positive asso-
ciations of shorter DTN times with more home time and 
lower mortality among the patients receiving IVT+EVT 
treatment are indirect evidence that IVT before EVT has 
beneficial effect. Furthermore, the secondary analysis 
comparing combined therapy versus EVT alone provides 
a direct indication that, when EVT is started within 5 hours 
of stroke onset and IVT is given within 60 minutes of hos-
pital arrival, combined therapy may offer more home time 
and lower mortality than EVT alone. These findings are 
strengthened by the analysis of mRS at discharge and 90 
days follow-up in which more patients receiving combined 
treatment with shorter DTN times achieved good functional 
outcomes than patients receiving EVT only. The outcome 
benefits dissipate with DTN times >60 minutes. Although 
this finding needs to be confirmed in randomized clinical 
trials because of the potential selection bias in retrospec-
tive studies, it is in agreement with another study using 
GWTG-Stroke showing that patients treated with IVT+EVT 

were more likely to achieve home discharge, independent 
ambulation at discharge, and lower in-hospital mortality 
than EVT alone.18 It should be noted that the data miss-
ing rates of 90-day mRS are high in the GWTG-Stroke 
database, although the missing rates are similar across 
subgroups. Therefore, the mRS analysis should be con-
sidered exploratory and as a support of the primary out-
come analyses. Patients with missing mRS are likely alive 
because mortality data are well captured in Medicare files. 
This discrepancy might have contributed to the high mor-
tality rate in our mRS analyses, in addition to the less strict 
patient selection in real-world EVT practice and older age 
in our cohort (age ≥65 years). However, the directionality of 
90-day mRS is similar to discharge mRS, which has a low 
missing rate and has been shown to be highly predictive of 
90-day outcomes.37

Our study was designed to complement the limita-
tions of randomized clinical trials and provide important 
additional data to guide reperfusion therapy. Among the 
6 noninferiority trials comparing EVT alone versus com-
bined therapy, 2 trials demonstrated noninferiority and the 
other 4 did not.10–15 The generalizability of the trials was 
limited by the wide noninferiority margin, modest sample 
size, excluding transferred patients, workflow limitations, 
and the high performing nature of the enrolling hospi-
tals.10–15,38 Furthermore, the trials could not account for 
the time-dependent benefit of either IVT or EVT treat-
ment. The current study, an order of magnitude larger in 
size, offers substantially more power to study this complex 
treatment paradigm. We found statistically and clinically 

Figure 2. Secondary analysis: modified Rankin Scale at discharge among IVT+EVT vs EVT-only group.
P values were derived from the χ2 of mRS 0 to 2 vs 3 to 6 for each DTN subgroup versus EVT-only group. DTN indicates door-to-needle time; 
EVT, endovascular thrombectomy; IVT, intravenous thrombolytic therapy; and mRS, modified Rankin Scale.

D
ow

nloaded from
 http://ahajournals.org by on June 4, 2023



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2023;147:00–00. DOI: 10.1161/CIRCULATIONAHA.123.064053� xxx xxx, 2023 13

Man et al Better Outcomes With Faster IVT Before EVT

significant benefit in functional outcomes and mortality 
with faster IVT administration before EVT. In concert with 
previous studies,5–8 our results demonstrate that faster 
EVT treatment is associated with more home time and 
lower mortality during the 1-year follow-up period. Our 
overall results indicate that IVT-to-EVT times may have a 
modest association with home time, after controlling for 
patient and hospital factors. Limited by the small number 
of patients getting EVT immediately after IVT (within 30 
minutes), we were unable to study the effect of a very 
short IVT-to-EVT interval. Another consideration is that 
the use of advanced imaging, such as CT perfusion imag-
ing , MRI, or MRI perfusion imaging, in patient selection 
for EVT may temper the associations of IVT-to-EVT times 
with outcomes. In other words, advanced imaging selec-
tion may select patients with slow infarct progression for 
EVT, which would reduce the strength of association with 
time and, therefore, such study results would be a con-
servative estimate. Patients with poor collateral blood flow 
on CT angiogram are more likely to have early infarct pro-
gression and become ineligible for EVT or have poor out-
comes after EVT.39 Advanced imaging selection is often 
used to determine EVT eligibility when patients present 
within 6 to 24 hours after stroke onset, in which better 
collaterals lead to slower stroke progression and better 
functional outcomes.40 For patients who have EVT within 
6.5 hours from stroke onset, the benefit of a shorter time 
to recanalization is independent of baseline collateral sta-
tus.6 The present study only included patients with EVT 
started within 7 hours of stroke onset in which perfusion 
imaging was not recommended. However, some patients 
might still have been selected on the basis of advance 
imaging. The results of advance imaging unfortunately 
are not available in the GWTG-Stroke database.

On the basis of these results, to improve outcomes in 
patients treated with IVT+EVT, it is necessary to reduce 
in-hospital delays in both IVT and EVT and to move 
quickly from the start of IVT infusion to arterial puncture 
and EVT.

Limitations
This study has several limitations. First, to obtain long-term 
outcomes, this study only included Medicare fee-for-ser-
vice beneficiaries aged ≥65 who were treated at GWTG-
Stroke participating hospitals, with complete data linked in 
these 2 databases. Previous work has demonstrated that 
patients in the linked GWTG-Stroke/Medicare database 
are representative of the national Medicare ischemic stroke 
population.30 However, the results may not be generalizable 
to younger patients or other hospitals or countries. Second, 
although outcome analyses adjusted for patient-level and 
hospital-level factors, including stroke severity and onset-
to-EVT time for EVT treatment, there might be residual 
measured and unmeasured confounding, including func-
tional status before the index stroke, social determinants of 

health (such as housing, marriage status, availability of care 
providers at home, income, education level, and pollution), 
and institutional practice patterns that may influence DTN 
times or outcomes. Third, the secondary analysis compar-
ing IVT+EVT versus EVT should be interpreted with caution 
and as hypothesis generating because of the imbalance in 
patient characteristics and potential selection bias. How-
ever, the signals may inform future clinical trial design in 
studying the effect of IVT before EVT to allow patient ran-
domization on the basis of DTN times. Fourth, the study 
was limited to patients receiving intravenous thrombolyt-
ics within 4.5 hours and EVT within 7 hours of onset and 
may not be applicable to reperfusion therapy for stroke of 
unknown last known well or wake-up stroke when MRI or 
CT perfusion scans are needed to determine eligibility.41–43 
Fifth, during the study period, alteplase was used in most 
US hospitals as the intravenous thrombolytic agent, so 
the results may not be generalizable to other thrombolytic 
agents such as tenecteplase. Last, the study used several 
prespecified outcomes. The findings should be interpreted 
as exploratory given the absence of statistical correction 
for multiple comparisons.

Conclusions
Among patients aged ≥65 years with acute ischemic stroke, 
shorter DTN times for IVT are associated with more time 
at home and lower mortality in patients treated with IVT 
alone, and with IVT+EVT combined therapy, as well. These 
findings support further efforts to accelerate thrombolytic 
therapy in all eligible patients, including EVT candidates.
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